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RI ZDVWH SURGXFHG VKRZV WKDW WKHUH LV VLJQLILFDQW GLVSDULW\ 7KH WRSLFDOLW\ RI WKH LVVXH DUH LQ D QXPEHU RI
UHTXLUHPHQWVUHJDUGLQJELRGHJUDGDEOHZDVWHDQGUHF\FODEOHPDWHULDOUHFRYHU\LQFUHDVHZKLFKVKRXOGEHPHWLQWKH
SHULRGXSWR±LH±WKHFXUUHQWVLWXDWLRQLQGLFDWHVWKDWWKHVHUHTXLUHPHQWVFRXOGQRWEHPHWZLWKRXWVLJQLILFDQW
V\VWHPGHYHORSPHQW DFWLYLWLHV ,Q RUGHU WRPDNH WKH ULJKW GHFLVLRQV UHJDUGLQJ VSHFLILFGHYHORSPHQW DFWLYLWLHV WKH
SURJQRVLVRIZDVWHSURGXFWLRQG\QDPLFVVKRXOGEHHODERUDWHG
7KHDPRXQWRIZDVWHJHQHUDWHGXVXDOO\LVFRUUHODWHGZLWKWKHOHYHORISURVSHULW\ZKLFKLVFOHDUO\LOOXVWUDWHGE\
WKHFRPSDUDWLYHDQDO\VLVRIWKHYROXPHRIZDVWHSURGXFHGLQ(XURSHDQ8QLRQFRXQWULHV$OWKRXJKWKHRYHUDOOSROLF\
WDUJHWLVWREUHDNWKHOLQNEHWZHHQLQFUHDVHRIZHDOWKDQGWKHFRUUHVSRQGLQJLQFUHDVHLQYROXPHRIZDVWHSURGXFHG
WKH SURJUHVV YDULHV DPRQJ GLIIHUHQW FRXQWULHV %HVLGHV HFRQRPLF FRQGLWLRQV WKH VRFLDO RQHV DUH FRQVLGHUHG IRU
HODERUDWLRQRIFKDUDFWHULVWLFVRIZDVWHSURGXFWLRQ>@KRZHYHU WKHPDLQREVWDFOHLVWKHDYDLODELOLW\RIDSSURSULDWH
DQGSODXVLEOHGDWD,QDGGLWLRQSUHYLRXVVWXGLHVLOOXVWUDWHDVLWXDWLRQZKHUHWKHSURVSHULW\OHYHOLVGLUHFWO\OLQNHGWR
DQ LQFUHDVH LQZDVWH DPRXQWV SURGXFHG >@$Q LQGLFDWRU VXFK DV KRXVHKROG VL]H DOVR KDV VRPH LPSDFW RQZDVWH
DPRXQWV JHQHUDWHG SHU FDSLWD 1DPHO\ ± D VWXG\ WKDW ZDV FDUULHG RXW LQ )LQODQG >@ VKRZHG WKDW GHFUHDVH RI
KRXVHKROGVL]HLQFUHDVHVDPRXQWRIZDVWHSURGXFHGDVWKHUHDUHIUDFWLRQVRIZDVWHWKDWGRQRWGHSHQGRQQXPEHURI
SHUVRQVSHUKRXVHKROG$VLPLODUFRQFOXVLRQKDVEHHQPDGHLQUHVHDUFKFDUULHGRXWLQ0H[LFR>@6HYHUDOFDVHVWXG\
DQDO\VHVVKRZUHVXOWV WKDW ODUJHUTXDQWLWLHVRIZDVWHSURGXFHGSHUFDSLWDKDYHEHHQREVHUYHGLQXUEDQUHJLRQV>@
'RPHVWLFPDWHULDOH[WUDFWLRQLVFRQVLGHUHGDVDFRUHLQGLFDWRULQVWXG\LQJD(XURSHDQPRGHOIRUZDVWHDQGPDWHULDO
IORZV>@
$QXPEHURIPRGHOOLQJPHWKRGVDUHXVHGIRUDQDO\VLQJZDVWHIORZG\QDPLFVLHWLPHVHULHVDQDO\VLVUHJUHVVLRQ
DQDO\VLVV\VWHPG\QDPLFVFRUUHODWLRQDQDO\VLV$FFRUGLQJWRWKHVWXG\>@PXQLFLSDOZDVWHJHQHUDWLRQDQDO\VLVFDQ
EHGRQHXVLQJWLPHVHULHVGDWDRIVROLGZDVWHTXDQWLWLHVE\DSSO\LQJDWHFKQLTXHEDVHGRQQRQOLQHDUG\QDPLFVZLWKD
VHDVRQDO $XWR 5HJUHVVLYH DQG 0RYLQJ $YHUDJH V$5,0$ PHWKRGRORJ\ 7KH V$5,0$ PRGHO LV EDVHG RQ WKH
DSSOLFDWLRQRI$50$$XWRUHJUHVVLYHPRYLQJDYHUDJHPRGHOVWRWUDQVIRUPHGWLPHVHULHVZKHUHWKHVHDVRQDODQG
QRQVWDWLRQDU\EHKDYLRXUKDYHEHHQHOLPLQDWHG,WLVFRQFOXGHGWKDWWKHVHPHWKRGVVKRZLPSUHVVLYHUHVXOWV>@EXW
WKHGRZQVLGHLVWKHQHHGIRUDODUJHDPRXQWRIWLPHVHULHVGDWD7KHVHPHWKRGVDUHDOVRPRUHDSSURSULDWHIRUVKRUW
WHUP IRUHFDVWV > @ 6\VWHP G\QDPLFV PRGHOOLQJ LV DOVR XVHG WR DGGUHVV WKH HODERUDWLRQ RI ZDVWH JHQHUDWLRQ
IRUHFDVWV>@7KHDGYDQWDJHRIV\VWHPG\QDPLFVLVWKHSRVVLELOLW\WRLQFOXGHVRFLDOHFRQRPLFDQGHQYLURQPHQWDO
DVSHFWV LQ D XQLILHGPRGHO$ SRWHQWLDOZHDNQHVV RI WKLV DSSURDFK LV OLPLWHG DELOLW\ WR DFTXLUH SUHFLVH QXPHULFDO
UHVXOWV>@DVYHU\GHWDLOPRGHOFDOLEUDWLRQVKRXOGEHPDGHWRDFTXLUHSUHFLVHUHVXOWVEXWFDOLEUDWLRQSRVVLELOLWLHVLV
OLPLWHGGXHWRODFNRIYDOLGUHIHUHQFHGDWD6WXGLHVH[FOXVLYHO\IRFXVLQJRQZDVWHSURGXFWLRQSURJQRVHVIRU/DWYLD
DUHQRWFDUULHGRXWKRZHYHUWKHUHDUHLQVWXGLHVZKLFKDGGUHVVZDVWHPDQDJHPHQWLVVXHV,QDVWXG\RQSDFNDJLQJ
ZDVWHPDQDJHPHQWLQ/DWYLD>@WKHV\VWHPG\QDPLFVPHWKRGLVDSSOLHG7KRXJKH[DFWLQSXWILJXUHVZKLFKDUHXVHG
IRUPRGHOLQJDUHQRWSUHVHQWHGWKHWUHQGFDOFXODWHGVKRZVDQLQFUHDVHLQWKHDPRXQWVRISDFNDJLQJZDVWHSURGXFHG
ZKLFK FRQVHTXHQWO\ LQGLFDWHV WKDW WKH RYHUDOO DPRXQW RIPXQLFLSDOZDVWH SURGXFHG VKRXOG EH LQFUHDVLQJ2Q WKH
QDWLRQDO OHYHO WKHUH LV D VWUDWHJLFSODQQLQJGRFXPHQW HODERUDWHG IRUZDVWHPDQDJHPHQW V\VWHPGHYHORSPHQW7KLV
GRFXPHQW ± ³1DWLRQDO ZDVWH PDQDJHPHQW SODQ ±´ >@ LQFOXGHV D VHFWLRQ RQ WKH HODERUDWLRQ RI ZDVWH
PDQDJHPHQWIRUHFDVW7KHPRGHOLQJPHWKRGDSSOLHGIRUWKLVLQWKHGRFXPHQWLVEDVHGRQDQDSSURDFKZKHUHZDVWH
SURGXFWLRQ G\QDPLFV DUH LQWHUUHODWHG WR WKH GHYHORSPHQW RI WKH HFRQRP\ WKRXJK GHWDLO ILJXUHV DQG DVVXPSWLRQV
DSSOLHGIRUWKHFDOFXODWLRQDUHQRWSUHVHQWHGWKXVFOHDUO\LGHQWLI\LQJDQHHGIRUFDOFXODWLRQPHWKRGFODULILFDWLRQLQ
/DWYLD
0HWKRGRORJ\
$SSURYHG(XURSHDQ8QLRQVWDQGDUGVRUPHWKRGRORJ\IRUWKHHODERUDWLRQZDVWHSURGXFWLRQIRUHFDVWVLQODZVDQG
UHJXODWLRQVRIZDVWHPDQDJHPHQW VHFWRU DUH QRW VHW  ,QPRVW FDVHV FDOFXODWLRQRI H[SHFWDEOHZDVWH DPRXQWV DUH
EDVHGRQ*'3YDOXHVDVZHOODVRQ LQGLFDWRUV WKDW UHSUHVHQW UHVRXUFHDQGRUJRRGVFRQVXPSWLRQ>@SXUFKDVLQJ
SRZHU >@ 7KLV DSSURDFK LV EXLOW RQ WKH DVVXPSWLRQ WKDW WKH G\QDPLFV RI PXQLFLSDO ZDVWH SURGXFWLRQ DUH
SURSRUWLRQDOWRIOXFWXDWLRQVLQ*'3YDOXHV7KHDPRXQWRIZDVWHJHQHUDWHGKRZHYHUGHSHQGVQRWRQO\RQWKHSDFH
RI HFRQRPLF GHYHORSPHQW EXW DOVR RQ FKDQJHV LQ WKH QXPEHU RI ZDVWH SURGXFHUV DQG WKXV ZDVWH SURGXFWLRQ
IRUHFDVWLQJLVFDOFXODWHGRQWKHEDVLVRIERWKHFRQRPLFDQGGHPRJUDSKLFSDWWHUQV
 
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*HQHUDOO\WKHIDFWRUVDIIHFWLQJWKHG\QDPLFVRIWKHWRWDODPRXQWRIZDVWHJHQHUDWHGFDQEHGLYLGHGLQWR

x ,QWHUQDO IDFWRUV  LQFOXGLQJ WKH DPRXQW RIZDVWH JHQHUDWHG SHU FDSLWD SRSXODWLRQ FKDQJHV DQG FKDQJHV LQ WKH
ZHOIDUHRIWKHSRSXODWLRQ
x ([WHUQDO IDFWRUVZKLFK LQFOXGHGLIIHUHQWSROLF\ LQVWUXPHQWV WKHSXUSRVHRIZKLFK LV WR UHGXFH WKHYROXPHVRI
JHQHUDWHGZDVWHWRSURPRWHUHXVHRIZDVWHHWF

2QHRIWKHWDVNVRIWKLVUHVHDUFKLVWRLGHQWLI\LQGLFDWRUVWKDWDUHDSSURSULDWHIRUWKHHODERUDWLRQRIIRUHFDVWVRI
ZDVWHJHQHUDWLRQG\QDPLFVLHLQGLFDWRUVWKDWKDYHG\QDPLFVUHODWHGWRKLVWRULFDOGDWDRIZDVWHDPRXQWVSURGXFHG
7KHDOJRULWKPRIWKHUHVHDUFKSURFHVVLVSUHVHQWHGLQ)LJ

)LJ5HVHDUFKSURFHVVDOJRULWKP
7KHUHVHDUFKDOJRULWKPLQFRUSRUDWHVWKHVWUXFWXUHRIUHVHDUFKDQGPDLQWDVNVIXOILOOHG7KHLQLWLDOWDVNZLWKLQWKH
UHVHDUFK LV WKH VHOHFWLRQRIGDWDDQG LQGLFDWRUV WKDW LOOXVWUDWHKLVWRULFDOZDVWHSURGXFWLRQDQG LWV UHODWLRQ WRZHOIDUH
FKDUDFWHULVWLFV,QGLFDWRUVDPRXQWRIPXQLFLSDOZDVWHFROOHFWHGSDFNDJLQJZDVWHFROOHFWHGWKURXJKPXQLFLSDOZDVWH
PDQDJHPHQWV\VWHPDUHVHOHFWHGWRLOOXVWUDWHWKHZDVWHG\QDPLFVLQGLFDWRU*'3DWFRQVWDQWSULFHVLVVHOHFWHGIRU
ZHOIDUH OHYHO UHSUHVHQWDWLRQ 7KH IROORZLQJ VWHS LV WKH DQDO\VLV RI FKDUDFWHULVWLFV DQG LQGLFDWRUV VHOHFWHG IURP D
KLVWRULFDOSRLQWRIYLHZZKLFK UHVXOWV LQ WKHHODERUDWLRQRI FHUWDLQDVVXPSWLRQV± W\SHVRIZDVWH WREH LQFOXGHG LQ
PXQLFLSDOZDVWHIORZFRUUHODWLRQEHWZHHQZDVWHDPRXQWVSURGXFHGDQGYDOXHVRIHFRQRPLFGHYHORSPHQW+LVWRULFDO
GDWDWKDWFKDUDFWHULVHVWKHPDLQLQGLFDWRUVG\QDPLFVRIZDVWHDPRXQWVJHQHUDWHGG\QDPLFVRISRSXODWLRQDQG*'3
DUHEDVHGRQLQIRUPDWLRQDYDLODEOHIURPVWDWLVWLFDOVRXUFHVLHZDVWHDPRXQWV6WDWHVWDWLVWLFDOUHSRUW1R±:DVWH
5HSRUW RQ ZDVWH ³1DWLRQDO UHSRUW RQ HQYLURQPHQW   ´ G\QDPLFV RI SRSXODWLRQ DQG *'3  &HQWUDO
6WDWLVWLFDO %XUHDX RI /DWYLD ,W VKRXOG EH QRWHG WKDW KLVWRULFDO GDWD TXDOLW\ DQG DYDLODELOLW\ LV D IDFWRU WKDW JUHDWO\
DIIHFWV WKHYDOLGLW\RI WKH FRQFOXVLRQV DQG DVVXPSWLRQVPDGH ,Q VRPHFDVHV KLVWRULFDO GDWD UDLVHV WKHTXHVWLRQRI
FRPSOLDQFHZLWKWKHDFWXDOVLWXDWLRQ,QWKHSUHVHQWFDVHWKHDVVHVVPHQWRIKLVWRULFDOGDWDWKDWGHVFULEHVWKHPDQDJHG
YROXPHRIZDVWHKDVJURXQGVIRUFRQFHUQWKDWLQVRPH\HDUVVHHLQJFKDQJHVRILQGLFDWRUYDOXHWKH\PD\QRWUHIOHFW
WKHWUXHVLWXDWLRQLQGHWDLOGLVFXVVHGLQVHFWLRQ5HVXOWVRIWKHKLVWRULFDOHYDOXDWLRQRILQGLFDWRUFKDUDFWHULVWLFVDUH
XVHGWRGHYHORSWKHSRWHQWLDOVFHQDULRZKLFKDW WKHHQGZLOOEHLQFRUSRUDWHGWRHODERUDWHZDVWHDPRXQWSURGXFWLRQ
SURJQRVLV)URPWKHSRLQWRIYLHZRIPHWKRGRORJ\LWVKRXOGEHQRWHGWKDWWKHWHUP³PXQLFLSDOZDVWHJHQHUDWHG´LV
HTXLYDOHQW WR WKH WHUP ³PXQLFLSDO ZDVWH FROOHFWHG´ ZKLFK FRQVLGHULQJ WKH OHYHO RI GHYHORSPHQW RI WKH ZDVWH
PDQDJHPHQW V\VWHP LV HVWLPDWHG DV DQ DSSURSULDWH DSSURDFK:LWK UHJDUG WR WKH SULPDU\ GDWD QHFHVVDU\ IRU WKH
GHYHORSPHQWRIWKHIRUHFDVWV±QDPHO\±GHPRJUDSKLFDQGPDFURHFRQRPLFLQGLFDWRUSURMHFWLRQV±(85267$7GDWD
LV XVHG IRU GHPRJUDSKLF SURMHFWLRQV DQG0LQLVWU\ RI )LQDQFH RI WKH 5HSXEOLF RI /DWYLD SURMHFWLRQV DUH XVHG IRU
PDFURHFRQRPLF LQGLFDWRUV $V WKHPDFURHFRQRPLF LQGLFDWRU SURMHFWLRQV FRYHU WKH SHULRG XS XQWLO  WKH VDPH
YDOXHVDVLQZLOOEHDSSOLHGIRUWKH\HDUVEH\RQG:DVWHSUHYHQWLRQSROLF\LPSDFWLQGLFDWRUVLQFOXGHGLQ
WKH FDOFXODWLRQ DUH HVWLPDWHG E\ WKH DXWKRUV:DVWH SUHYHQWLRQ SROLF\ LPSDFW HYDOXDWLRQ LV EDVHG RQ DVVXPSWLRQV
UHJDUGLQJZDVWHSURGXFHGSHUFDSLWDLQ/DWYLDLQFRPSDULVRQZLWK(8DYHUDJHILJXUHVDQG(8OHYHOVWXGLHVUHJDUGLQJ
SRVVLEOHSROLF\RXWFRPHVRIZDVWHSUHYHQWLRQPHDVXUHV
6HOHFWLRQRI
FKDUDFWHULVWLFV
+LVWRULFDOGDWD
FKDUDFWHULVWLFV $VVXPSWLRQV
$QDO\VLVRI
FKDUDFWHULVWLFV
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5HVXOWVDQGGLVFXVVLRQ
$FFRUGLQJWRWKHKLVWRULFDOGDWDRIWKHQDWLRQDOLQGLFDWRU³TXDQWLW\RIPXQLFLSDOZDVWHJHQHUDWHGSHULQKDELWDQW´
IRU ± IOXFWXDWLRQV LQ DPRXQWV RI ZDVWH SURGXFHG UHDFKHG   >@ ,Q RUGHU WR DVVHVV WKH SRVVLEOH
UHODWLRQVKLS EHWZHHQZHOIDUH FKDQJHV DQG WKH YROXPH RI ZDVWH SURGXFHG WKH FRPSDULVRQ RI FKDUDFWHULVWLFV ZDV
PDGHIRUD\HDUSHULRG$QDO\VLVRIWKHG\QDPLFVRIZDVWHDPRXQWVSURGXFHGGXULQJWKHFRQVLGHUHGSHULRGVKRZV
WKDWWKHYROXPHRIZDVWHJHQHUDWHGKDVFKDQJLQJVLJQLILFDQWO\3DUWLFXODUO\LQDQGWKHYROXPHRIZDVWH
SURGXFHGLQFUHDVHGE\RUTXDQWLWDWLYHO\±E\WKRXVDQGWRQQHVSHU\HDU>@,QWKHIROORZLQJSHULRGZLWK
VOLJKW IOXFWXDWLRQV LQ VRPH \HDUV WKH WUHQG LV WRZDUGV D UHGXFWLRQ RI WKH YROXPH SURGXFHG $QDO\VLQJ SRVVLEOH
FDXVHVRIWKHH[WUHPHULVHLQDPRXQWVRIZDVWHSURGXFHGLQFRPSDUHGWRSUHYDLOLQJYDOXHVLQRWKHU\HDUVWKHUH
LVDSRVVLELOLW\WKDWWKHLQFUHDVHPRVWOLNHO\UHIOHFWVWKHDFFRXQWLQJV\VWHPYDULDWLRQVLQUDWKHUWKDQWKHDFWXDO
ZDVWHSURGXFWLRQLQFUHDVH&RPSDULQJWKHYDOXHVRILQGLFDWRU³TXDQWLW\RIPXQLFLSDOZDVWHJHQHUDWHGSHULQKDELWDQW´
WRG\QDPLFVRIWKH*'3YDOXHVLWFDQEHFRQFOXGHGWKDWWKHGHFUHDVHLQWKHYROXPHRIZDVWHLVGLUHFWO\OLQNHGWRWKH
*OREDOILQDQFLDOFULVLVLQZKLFKOHIWVXEVWDQWLDOQHJDWLYHLPSDFWRQ/DWYLDQHFRQRP\DQGZHOIDUHDVZHOO$W
WKHVDPHWLPHLWVKRXOGEHQRWHGWKDWDOWKRXJKWKHUHDUHFRPPRQWUHQGVLQERWKLQGLFDWRUVWKHLUUHODWLRQVKLSLVQRW
OLQHDU DQG WKH IDOO LQ WKH OHYHO RIZHOIDUHKDV ORQJHUWHUPHIIHFWVRQZDVWHSURGXFWLRQ3UREDEO\ WKH UHGXFWLRQRI
ZDVWHDPRXQWVSURGXFHG LQ WKHSHULRGDIWHU WKLV FULVLV DUH OLQNHGZLWK VRPHFKDQJHV LQKDELWRIZDVWHSURGXFHUV
5HVSHFWLYHO\±GXULQJFULVLVKRXVHKROGVFDUULHGRXWH[SHQGLWXUHUHGXFWLRQSUREDEO\DOVRLQWHQWLRQDOUHGXFWLRQRI
ZDVWHSURGXFHGZDVRQHRIWKRVHFRVWVDYLQJPHDVXUHVDQGWKLVKDELWPD\FRQWLQXHHYHQDIWHUWKHVWDWHRIZHOIDUH
LPSURYHV+LVWRULFDOYDOXHVRILQGLFDWRUVDUHUHIOHFWHGLQ)LJ


)LJ:DVWHDPRXQWVSURGXFHGDQG*'3G\QDPLFV±
$Q DGGLWLRQDO DVSHFW UHJDUGLQJ KLVWRULFDO FKDUDFWHULVWLFV RIZDVWH DPRXQWV SURGXFHG LV UHODWHG WR WKH W\SHV RI
ZDVWH LQFOXGHG LQ WKH FDOFXODWLRQ RI WKHPXQLFLSDOZDVWH IORZ 7KH EDVLF DSSURDFK LQFOXGHV WKH DVVXPSWLRQ WKDW
SDFNDJLQJZDVWHDOWKRXJKWKHVRXUFHRIJHQHUDWLRQLVKRXVHKROGVLVQRWLQFOXGHGLQPXQLFLSDOZDVWHDPRXQWV,WLV
FOHDU KRZHYHU WKDW SDFNDJLQJ ZDVWH IURP KRXVHKROGV LV SURFHVVHG ZLWKLQ WKH V\VWHP RI PXQLFLSDO ZDVWH
PDQDJHPHQW,WVKRXOGEHQRWHGWKDWZLWKLQWKHIUDPHZRUNRIWKHH[LVWLQJZDVWHDFFRXQWLQJPHWKRGRORJ\LQVRPH
FDVHVSDFNDJLQJZDVWHLVUHSRUWHGDVQRQSDFNDJLQJUHF\FODEOHPDWHULDOVDQGLQRWKHUFDVHVRFDOOHGQRQSDFNDJLQJ
LV UHODWHG WR SDFNDJLQJ ZDVWH IORZ ,Q RUGHU WR LGHQWLI\ SRVVLEOH UHODWLRQ EHWZHHQ DPRXQWV RI PXQLFLSDO ZDVWH
SDFNDJLQJZDVWHFROOHFWHGDQG*'3LQGLFDWRUG\QDPLFV>@DFRPSDULVRQRIFDOFXODWLRQPHWKRGRORJ\³ZLWK´DQG
³ZLWKRXW´SDFNDJLQJZDVWHIURPKRXVHKROGVLQFOXGHGLQWRWDOPXQLFLSDOZDVWHTXDQWLWLHVLVPDGH7KHUHVXOWVDUH
SUHVHQWHGLQ)LJ
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<HDU
*'3FRPSDUDWLYHSULFHVEDVH :DVWHSURGXFHGNJSHUFDSLWD
/LQHDU*'3FRPSDUDWLYHSULFHVEDVH /LQHDU:DVWHSURGXFHGNJSHUFDSLWD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
)LJ06:DQGSDFNDJLQJZDVWHIURPKRXVHKROGVLQFRPSDULVRQZLWK*'3YDOXHV±
&RPSDULQJVFHQDULRV³ZLWK´DQG³ZLWKRXW´ WKH LQFOXVLRQRISDFNDJLQJZDVWH LQ WKH WRWDODPRXQWRIPXQLFLSDO
ZDVWHSURGXFHG WKDW VFHQDULR ³ZLWK´SDFNDJLQJZDVWH DPRXQWV LQFOXGHG VKRZVQDUURZHU DPSOLWXGH IOXFWXDWLRQV
FRPSDUHG WR *'3 YDOXHV RYHU WKH \HDUV VR LQ IDFW WKLV DSSURDFK FRXOG PRUH DFFXUDWHO\ GHVFULEH WKH DFWXDO
DPRXQWV RI WRWDO PXQLFLSDO ZDVWH SURGXFHG ,W VKRXOG EH QRWHG WKDW WKH DPRXQW RI SDFNDJLQJ ZDVWH FROOHFWHG
VHSDUDWHO\ GXULQJ WKH SHULRG FRQVLGHUHG VKRZV DQ LQFUHDVHZKLFK DOVR FRQILUPV WKH YDOLGLW\ RI WKH DVVXPSWLRQ
:LWKUHJDUGWRWKHUHODWLRQVKLSEHWZHHQ*'3G\QDPLFVDQGDPRXQWVRIZDVWHSURGXFHGLWVKRXOGEHQRWHGWKDWWKH
UHODWLRQVKLSLVQRWGLUHFWO\SURSRUWLRQDO,QWKHVWDQGDUGSUDFWLFHRIHODERUDWLQJZDVWHSURGXFWLRQIRUHFDVWVVRIDU
FKDQJHVLQWKHDPRXQWRIZDVWHJHQHUDWHGDUHH[SUHVVHGDVRIWKH*'3FKDQJHVDWFRQVWDQWSULFHV,QRUGHUWR
FRPSDUH WKH UDWH RI FRPSOLDQFH EHWZHHQ *'3 G\QDPLFV DQG ZDVWH SURGXFHG VLPXODWLRQ RI ZDVWH SURGXFWLRQ
IRUHFDVWIRU±KDVEHHQPDGH'XULQJWKHVLPXODWLRQKLVWRULFDOGDWDIRUZDVWHDPRXQWVJHQHUDWHGZHUH
FRPSDUHGZLWK WKUHH WKHRUHWLFDOO\FDOFXODWHGVFHQDULRVZKHUHGLIIHUHQWVKDUHVRI*'3YDOXHVDUHDSSOLHG)LJ
VXPPDUL]HVWKHUHVXOWVRIWKHVHVLPXODWLRQV


)LJ:DVWHSURJQRVLVVLPXODWLRQXVLQJE\DSSO\LQJGLIIHUHQWIUDFWLRQRI*'3YDOXH±
7KHUHVXOWVRIWKHFDOFXODWLRQVVKRZWKDWQRQHRIWKHVFHQDULRVFDOFXODWHGFRUUHVSRQGGLUHFWO\WRWKHKLVWRULFDOZDVWH
SURGXFWLRQGDWD WKRXJK WKH VFHQDULRZKHUH VKDUHRIRI*'3YDOXH LV DSSOLHG FRXOG EH LGHQWLILHG DV WKHPRVW
UHDOLVWLF RQH 2QH RI WKH IDFWRUV WKDW DIIHFWV WKH DFFXUDF\ RI WKH IRUHFDVW LV WKH LQFUHDVH LQ WKH DPRXQW RI ZDVWH
SURGXFHGLQFRPSDUHGWR$OVRLWLVFRQFOXGHGWKDWWKHGUDPDWLFIDOORI*'3LQ±GRHVQRWIXOO\
UHIOHFWLQWKHZDVWHDPRXQWVSURGXFHG±WKLVIDFWFDQEHLQWHUSUHWHGRQWKHEDVHVRIDVVXPSWLRQWKDWDFHUWDLQDPRXQW
RIPXQLFLSDOZDVWHLVXQDYRLGDEOHLHDFHUWDLQDPRXQWRIZDVWHRFFXUVDVDUHVXOWRIFDUU\LQJRXWWEDVLFIXQFWLRQV












       
*
'
3
WK
RX
VD
QG
V(
8
5
NJ
S
HU
F
DS
LWD
<HDU
06:NJSHUFDSLWD 3DFNDJLQJIURPKRXVHKROGVNJSHUFDSLWD
*'3FRPSHUDWLYHSULFHVEDVH





         
NJ
S
HU
F
DS
LWD
<HDU
:DVWHSURGXFHGNJSHUFDSLWD :DVWHSURGXFHGNJSHUFDSLWDYDOXH*'3
:DVWHSURGXFHGNJSHUFDSLWDYDOXH*'3 :DVWHSURGXFHGNJSHUFDSLWDYDOXH*'3
 Kaspars Klavenieks and Dagnija Blumberga /  Energy Procedia  95 ( 2016 )  200 – 207 205
UHVSHFWLYHO\H[FHSWIRUWKHH[WUHPHVLWXDWLRQVWKHYDOXHRIWKHLQGLFDWRUEHORZWKLVWKUHVKROGFDQQRWEHH[SHFWHG
%\HYDOXDWLQJWKHZDVWHSUHYHQWLRQSROLF\LQ/DWYLDLWLVFRQFOXGHGWKDWQDWLRQDOGRFXPHQW´:DVWHPDQDJHPHQW
VWDWHSODQ±´>@IRUHVHHVQXPEHURIDFWLYLWLHVDQGH[SHFWDEOHTXDQWLWDWLYHUHVXOWRIWKHVHDFWLYLWLHVLVWR
NHHSYDOXHRIWKHLQGLFDWRU³TXDQWLW\RIPXQLFLSDOZDVWHJHQHUDWHGSHULQKDELWDQW´YDOXHEHORZNJSHUFDSLWD$W
WKH VDPH WLPH DOWKRXJK WKH H[DFW WUHQGV RI ZDVWH UHGXFWLRQ SROLF\ LPSDFW FDQQRW EH GHWHUPLQHG FRQVLGHULQJ
WRSLFDOLW\RIZDVWHSUHYHQWLRQ LVVXH LW LVQHFHVVDU\ WR LQFOXGHZDVWHDPRXQWVUHGXFWLRQ LQGLFDWRU LQ WKHSURJQRVLV
FDOFXODWLRQ:DVWH SUHYHQWLRQPHDVXUHV DUH SURYLGHG DW ERWK WKHQDWLRQDO DQG(8 OHYHO7KH LVVXH RI D FRPPRQ
PDUNHWDQGWKHDFWLYLWLHVFDUULHGRXWLQRWKHUFRXQWULHVDOVRQHHGVWREHWDNHQLQWRDFFRXQWHVSHFLDOO\FRQFHUQLQJWKH
XVHRILQVWUXPHQWVVXFKDVHFRGHVLJQPDNHVDSRVLWLYHLPSDFWRQWKHUHGXFWLRQRIZDVWHDPRXQWVSURGXFHGDOVRLQ
/DWYLD$WWKHVDPHWLPHFRQVLGHULQJWKHDPRXQWRIZDVWHJHQHUDWHGLQ/DWYLDZKLFKLVDOUHDG\VXEVWDQWLDOO\ORZHU
WKDQWKH(8DYHUDJHDVZHOODVWKHVFKHGXOHRIWKHLPSOHPHQWDWLRQRIQDWLRQDOZDVWHSUHYHQWLRQPHDVXUHVWKHZDVWH
UHGXFWLRQIDFWRULVQRWLGHQWLILHGDVDNH\HOHPHQWLQIRUHFDVWLQJZDVWHSURGXFWLRQ7KRXJKDVDQXPEHUDFWLYLWLHV
DUH VFKHGXOHG DQG DOVR WKHUH LV H[SHFWDEOH VRPH WUDQVERXQGDU\ LQIOXHQFH LQ FDOFXODWLRQ WKHUH LV LQFOXGHG DQ
DVVXPSWLRQ PDGH E\ DXWKRUV WKDW ZDVWH DPRXQWV SURGXFHG GXH WR SUHYHQWLRQ DFWLYLWLHV ZLOO GHFUHDVH IURP
DSSUR[LPDWHO\LQWRE\
2QHFUXFLDOIDFWRUEHVLGHVZDVWHDPRXQWVSURGXFHGSHUFDSLWDWKDWLQIOXHQFHVWRWDODPRXQWRIZDVWHSURGXFHGLV
WKHUHVLGHQWSRSXODWLRQ(85267$7GHPRJUDSKLFSURMHFWLRQVGHYHORSHGIRU/DWYLDSURYLGHSRVVLEOHVFHQDULRV

x 1RPLJUDWLRQ
x 5HGXFHGPLJUDWLRQ
x +LJKHUOLIHH[SHFWDQF\
x 0DLQVFHQDULR
x /RZHUIHUWLOLW\

$OORIWKHVFHQDULRVIRUWRIRUHVHHVDUHGXFWLRQRIWKHSRSXODWLRQLQWKHWHUULWRU\RI/DWYLD3RSXODWLRQ
GHFUHDVHGHSHQGLQJRQWKHVFHQDULRGXULQJWKHFDOFXODWLRQSHULRGRISURJQRVLVYDULHVIURP±>@VHH
)LJ7KHNH\DVVXPSWLRQLQGHPRJUDSKLFSURMHFWLRQVLVWKDWWKHFDXVHRISRSXODWLRQUHGXFWLRQLVQHWPLJUDWLRQ$V
LW LV SUHVHQWHG WKH VFHQDULR ZLWKRXW WKH LPSDFW RI PLJUDWLRQ ³1R PLJUDWLRQ VFHQDULR´ VKRZV D VORZHU SDFH RI
UHGXFWLRQLQWKHSRSXODWLRQWKDQRWKHUV7KHUHPDLQLQJVFHQDULRVLOOXVWUDWHYHU\VLPLODUWUHQGV±WKHWRWDOUHGXFWLRQLQ
WKHSRSXODWLRQLQWKHVHVFHQDULRVGLIIHUVRQO\E\DERXWSHUFHQWDJHSRLQWV$FFRUGLQJO\DVFXUUHQWO\WKHUHLVQR
DUJXPHQWLQIDYRXURILPSURYLQJWKHPLJUDWLRQEDODQFHWKHFRQYHQWLRQDO³%DVH´VFHQDULRIRUHFDVWZLOOEHXVHGLQ
WKHFDOFXODWLRQRIIRUHFDVWVRIZDVWHDPRXQWV


)LJ'HPRJUDSKLFIRUHFDVWVIRU/DWYLD±

0XQLFLSDOZDVWHSURGXFWLRQIRUHFDVWVIRU/DWYLDIRU WRDUHHODERUDWHGRQ WKHEDVLVRQ WKHIROORZLQJ
IDFWRUVDQGDVVXPSWLRQV






      
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1RPLJUDWLRQ 5HGXFHGPLJUDWLRQ +LJKHUOLIHH[SHFWDQF\
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x )RUHFDVWEDVH\HDU,QGLFDWRU³DPRXQWRIZDVWHJHQHUDWHGSHUFDSLWD´YDOXHIRUEDVH\HDUNJ
x &KDQJHVLQWKHDPRXQWRIZDVWHSHUFDSLWDDUHH[SUHVVHGDVRIWKH*'3FKDQJHVDWFRQVWDQWSULFHV
x 1XPHULFDOYDOXHVRI*'3G\QDPLFV>@SRSXODWLRQSURMHFWLRQV>@DQGLPSDFWRIZDVWHUHGXFWLRQSROLF\DUH
SUHVHQWHGLQ7DEOH
7DEOH1XPHULFDOYDOXHVRILQGLFDWRUVIRUSURJQRVLVSHULRG
<HDU       
*'3       
3RSXODWLRQ       
,PSDFWRIZDVWH
UHGXFWLRQSROLF\       

0XQLFLSDOZDVWHSURGXFWLRQSURJQRVLVIRUWKHSHULRGIURPWRLVSUHVHQWHGLQ)LJ


)LJ0XQLFLSDOZDVWHSURGXFWLRQIRUHFDVW/DWYLD±
&RQFOXVLRQ
7KHIRUHFDVWLQJHODERUDWHGVKRZVDQLQFUHDVHLQWKHYROXPHRIZDVWHJHQHUDWHGSHUFDSLWDLQWKHUHSRUWLQJSHULRG
IURP  NJ SHU FDSLWD LQ  WR  NJ SHU FDSLWD LQ  7KLV LV FDXVHG E\ SRVLWLYH*'3 G\QDPLFV LQ WKH
UHIHUHQFHSHULRGZKLFKOHDGVWRDQLQFUHDVHRIZDVWHDPRXQWSURGXFHGSHUFDSLWD7KHIRUHFDVWDOVRLOOXVWUDWHVWKDW
WKHHVWLPDWHGLPSDFWRIZDVWHSUHYHQWLRQPHDVXUHVGRHVQRWH[FHHGWKHJURZWKUDWHFDXVHGE\SURVSHULW\JURZWK,I
WKHSODQQHGZDVWHSUHYHQWLRQPHDVXUHV>@GLGQRWPDWHULDOLVHDFFRUGLQJO\WRDXWKRUVHVWLPDWHGYDOXHVWKHDPRXQW
RIZDVWHJHQHUDWHGSHUFDSLWDZLOOULVHXSWRNJLQ
7RWDO PXQLFLSDO ZDVWH DPRXQW SURGXFWLRQ IRUHFDVW VKRZV FRQVLVWHQW GHFUHDVH IURP  WKRXVDQG WRQQHV
SURGXFHG LQ  WR  WKRXVDQG WRQQHV SURGXFHG LQ  7KLV GHFUHDVH LV LQIOXHQFHG E\ GHPRJUDSKLF
FRQGLWLRQVLHTXLWHUDSLGGHFUHDVHRISRSXODWLRQLQWKHFRXQWU\,IWKHSODQQHGZDVWHSUHYHQWLRQPHDVXUHVIDLOWKH
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